Abstract-Amplifier's nonlinear phenomenon is the significant factor that affects the performance of radio & microwave communication system. In this paper, the principle of feed-forward technology and various improved solutions are introduced. Meanwhile, aiming at their shortages of classic feed-forward and OCFF topology, a new high linearization solution is proposed for the large power output, which reduces difficulty of the error amplifier design and input power. The results show it can improve the power efficiency remarkably without adding the complexity of the system, which is of practical value for improving the communication quality.
With the development of large capacity 3 G mobile communication, owing to adding channels, branching the bandwidth and employing higher frequency modulation method, the higher linearization for the power amplifier is especially important for communications system. The linearization matter has been one of the key issues of the new generation mobile communication system [1] . In radio & microwave communications system, nonlinear character of power amplifier is the most resource to result in the system's nonlinear. Therefore, it is meaningful for the communication development to analyze the nonlinear character and to study on the simple, feasible Linearization method of the power amplifier.
At present, the linearization technologies for RF & microwave power amplifier are classified into four kinds: power back-off, feedback, predistortion and feed-forward, which are different in system architecture and advantages. Especially the double loop feed-forward topology, which is applied widely in many productions owing to its high performance, better linearization, wider available bandwidth. For the present, many papers focus on the parameter optimization and controlling the phase and amplitude, meanwhile, there are some papers researching on improving the performance of passive element. But few people pay attention to improve the system solution [6] .
In this paper, the classic feed-forward technology and various improved solutions are introduced, at the same time, aiming at the shortage of the classic feed-forward and OCFF technology, a new improved measurement for large power output is presented, the results show it can improve the power efficiency remarkably and reduce difficulty of the assist amplifier design without adding the complexity of the system. According to the feed-forward theory, it is key issue for the performance of feed-forward power amplifier reasonably to control the signal amplitude and phase accurately. Fig. 1 illustrates the traditional implement method of the feed-forward topology. Its main function is to control counterbalance frequency spectrum regeneration of output signal of power amplifier by balancing the distortion signal of the two loops. The other is the over-compensation feed forward method, which is shown as Fig. 2 . The idea of the predistortion method is employed in OCFF method. The predistortion amplifier is used to get the error signal by the mean of feed-forward method, and then it enters into the main PA and cancelled the error signal from the main PA. The higher efficiency and lower cost relative to the traditional feed-forward is OCFF's advantages. Fig. 3 shows the simulation result of the traditional FF PA and the OCFF PA in the two tones harmonic balance simulation method, which argues that the latter is at least higher 9 dB than the former in the third order inter-modulation distortion [5] . Figure 3 : (a) The traditional FF PA's output power spectrum, (b) the OCFF PA's output power spectrum [5] .
Describe as paper [5] , the traditional FF method has some shortages as follows: (1) error amplifier in error cancellation loop increases the difficulty, complexity and cost of the system, (2) the circuit size is larger because of the microstrip line and coaxial cable as delay line, (3) low efficiency is the chief problem. Efficiency is particular critical for power amplifier as the large power device, (4) sacrificing the gain of main PA and error amplifier, and difficult to design error amplifier, (5) unsuitable for the large power output requirement. Simultaneously the design of predistortion amplifier is the bottleneck for the implement of OCFF topology. Therefore an improved feedforward power amplifier is proposed to solving these problems in this paper. Figure 4 illustrates the principle diagram of an improved feed-forward topology, in which the spectrum in every point is marked. The idea of the power back-off is employed in the improved feed-forward topology, PA2 and PA3 is the common power amplifier similar to the power amplifier of the power back-off method. But it is not same that PA2 and PA3 needn't be design as the large power PA. A PA generates an output voltage waveform that can be viewed as the sum of a linear replica of the input signal and an error signal. As shown in Fig. 4 , the input power P IN is divided in the three roads, which enters the PA marked for A1, A2 and A3 respectively.
Assume their voltages are V IN 1 , V IN 2 and V IN 3 , and V Q stands for the output of the main PA, which is scaled by 1/A through the Attenuator, then generate V N , where A is the gain of Attenuator.
In the ideal case, i. e., the PA2 and PA3 operate in the linear region (PA2 and PA3 are absolute linear). We note that V Q = A V 1 V IN 1 + V D1 , where V D1 represents the distortion content, then we have
Yielding (if adjusting the A according to PA2 reasonably).
where V D1 in point F and E is 180 • phase difference compared to V D1 in point N .
Hence
In practice, the two amplifiers marked for A2 and A3 are not absolute linear, let V D represents their distortion contents, and we find that
Likewise, the amplified useful signal is gotten in the output port. By the above analysis, this improvement topology has many advantages as follows: (1) reducing the gain of attenuator, system size, the dependence on delay line and cost.because less passive are employed, (the delay line τ 1 can be deleted) due to adding the PA2, (2) reducing the difficulty of error amplifier design, and increasing the utilization of error amplifier because of amplifying the used signal, (3) increasing the linearity of PA2 and PA3 on process of improving main PA's linearity, (4) higher power utilization. The output power is the sum of the three linear power amplifiers, (5) reducing the difficulty of system implement without adding the system complexity. Hence this improvement solution is more suitable for the requirement of higher linear and higher output power compared to the various feed-forward solutions. Figure 5 is the simulation circuit of the improvement feed-forward topology based on the ADS software, which is simulated for the 3 G application by the two tone harmonic balance method of f 1 = 1750 MHz and f 2 = 1850 MHz. The main PA parameters are set according to the first edition of microwave products handbook 2001. To get P out ≥ 47 dBm, the Pin is set as −2 dBm. In the simulation, to control the phase difference exactly, the directional coupler is employed to replace the coupler C4, respectively, Hybird 90 • for C6 and C3 because of controlling the phase accurately.
The A2 and A3 are set as the idea power amplifier in our simulation, which argues feasibility of the topology, but as shown as the above analysis, it is useful for the nonlinear amplifier. Figure 6(b) shows the out spectrum without the feed-forward linearization method in the condition that the −2 dBm power is employed in the main PA input port. Fig. 6(c) displays the output spectrum of the improvement feed-forward power amplifier. 29 dBm cross distortion contents is cancelled from We know the input Main PA power is only is the one part of the total input power, i. e., they only amplify the one part of the total input power in the traditional FF and OCFF power amplifier. But, the improved feed-forward power amplifier amplifies the total input power; hence the lager output power can be gotten in the output port when the A2 and A3 parameters is set well, which is of higher power utilization.
However, the disadvantage of this method similar to the above traditional FF and OCFF method is as follows: (1) this system can also not monitor and modify the effect of temperature's varying and device's ageing, (2) the system need to be adjusted when input signal condition vary owing to the PA's irregularity of frequency response and nonlinear operation, which reduce the utility of feed-forward linearization topology. At present, the self-adaptive controlling technology is employed to solve the above problem [5] . Many papers have been published about the traditional FF method employing self-adaptive controlling technology; hence the improvement FF method adding the self-adaptive controlling technology will be researched in the future.
